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Introduction
Research has frequently shown that firm success in technology-driven industries critically depends on the ability to invent and commercialize innovative technology (e.g., Katila, 2002; Katila and Ahuja, 2002) . In this respect, firms with the ability to create new technological knowledge have been praised for generating knowledge internally and combining it with external knowledge sources (Rosenkopf and Nerkar, 2001 ). However, the process of identifying knowledge to be integrated into the organization's own knowledge base requires that firms deliberately search for and reach out to promising knowledge sources. Search has been characterized as the fundamental mechanism enabling firms to learn, evolve and refocus the organizational knowledge base. This goes beyond 'local search', which assumes research and development (R&D) activities to be connected to the firm's previous R&D (Nelson and Winter, 1982) . Literature has emphasized the importance for firms to move beyond local search and to reconfigure the existing knowledge base (Kogut and Zander, 1992; Teece et al., 1997) . In fact, the search strategy, defining direction and priority of boundary-spanning search activities, has been found to substantially impact innovation performance (Katila, 2002; Katila and Ahuja, 2002; Laursen and Salter, 2006) .
In this paper, we shed new light on the relationship between the search strategy of a firm and its innovation performance. We propose that innovation management requires a more nuanced understanding of the nature and effects of search strategies to implement them successfully. Research on the nature of search strategies has largely focused on the dimensions of overall breadth and depth (e.g. Laursen and Salter, 2006) . We argue that the description of search strategies along their breadth and depth underestimates the degree of heterogeneity among the various knowledge sources they encompass. Instead, we suggest that the choice of a search strategy is a selective process. Management will choose certain directions for the firms' search strategies which target particular knowledge sources (product market, science, suppliers). We build his theoretical argument based on the knowledge based view of the firm (Grant, 1996) and draw from the literature on management attention (Ocasio, 1997) and risk perception (March and Shapira, 1987) .
Based on this conceptualization of selectivity in the knowledge sources firms target through their search strategies we explore the implications on innovation performance. First, we suggest that these targeted search strategies differ with regard to the type of innovation success (incremental vs. radical) they generate. Secondly, existing research has mostly concentrated on the manufacturing sector and, more specifically, on high-technology industries. Identifying how firms learn and how their knowledge evolves, though, should not be limited to manufacturing industries, particularly given the increasing importance of service sectors for most modern economies. Therefore, we highlight the distinct nature of innovation in service sectors and the effects they have on the performance effects of particular search strategies. All of these aspects have been largely neglected in the discussion of search strategies (e.g. Katila and Ahuja, 2002; Laursen and Salter, 2006; Rosenkopf and Nerkar, 2001 ) which is why they warrant further investigation.
Our empirical study is based on a comprehensive dataset of more than 5,000 manufacturing and service firms from five European countries. The paper is organized in seven sections. The next section details our theoretical framework, providing the reference for our hypothesis development in Section 3. Section 4 describes our empirical methods. Results are presented and discussed in the subsequent two sections. Section 7 concludes with limitations of our study and implications for further research.
Theoretical framework
Our theoretical discussion is grounded in the knowledge-based view of the firm (Grant, 1996; Liebeskind, 1996) . It is widely accepted that a firm's ability to innovate is tied to the pool of knowledge available within an organization (e.g., Subramaniam and Venkatraman, 2001; Subramaniam and Youndt, 2005) . The generation of new knowledge has traditionally been connected to a firm's in-house research and development (R&D) activities. Recent literature, however, points to the advantages of combining internal investments with external resources (e.g. Cassiman and Veugelers, 2006) to benefit from complementarities. In other words, firms have begun to open up their innovation processes for external knowledge. This trend of so-called "Open Innovation" allows firms to access and exploit external knowledge while internal resources are focused on core activities (Chesbrough, 2003) . Both supply and demand oriented aspects bring firms in a position to acquire knowledge externally. On the one hand, there is an increasing availability of external knowledge, e.g. from universities, customers and specialized suppliers (e.g., von Hippel, 1988; Link and Scott, 2005; Perkmann and Walsh, 2007; van Echtelt et al., 2008) . On the other hand, firms are pushed to find new sources for external innovation impulses because of increasing competitive pressures, shorter product life cycles as well as technological opportunities beyond their traditional fields of expertise (e.g., Calantone et al., 1997; Chatterji, 1996; Kleinschmidt and Cooper, 1988; Ojah and Monplaisir, 2003) . Several studies have identified positive performance effects from incorporating external knowledge (e.g. Gemünden et al., 1992; Laursen and Salter, 2006; Love and Roper, 2004) .
A crucial element in the open innovation activities of firms is the search strategy. A firm's search strategy comprises direction and priorities for external knowledge acquisition and encompasses an "organization's problem-solving activities that involve the creation and recombination of technological ideas" (Katila and Ahuja, 2002: 1184) . Consequently, investments in problem-solving activities should result in favorable combinations and linkages of users, suppliers and other relevant actors in the innovation system. Laursen and Salter (2006) discuss the concepts of breadth and depth as important factors for a firm's search strategy. Leiponen and Helfat (forthcoming) complement this view by extending the concept of breadth to innovation objectives. They find the breadth of knowledge sources and of innovation objectives positively influencing innovation success at the firm level. Although a broader set of external sources and innovation objectives reduces the risk of unexpected developments, it has to be taken into account that a firm is constrained in terms of the capacity to absorb external knowledge Levinthal, 1989a, 1990 ). These limitations include the level of overall attention a firm's management can dedicate to these activities (Ocasio, 1997) . A proper search strategy should therefore concentrate on certain external sources as a vast number of information sources would hamper selection and in-depth exploration processes (Koput, 1997) . Contrary to search breadth, search depth can be described as the extent to which firms draw deeply from the various external sources for innovation impulses (Laursen and Salter, 2006) . Both breadth and depth depict a firm's openness for external innovation impulses (Chesbrough, 2003) . Studying the UK manufacturing sector, Laursen and Salter (2006) find that the relationship between search breadth and depth and innovation performance has an inverted U-shape. This means that while search efforts initially increase a firm's performance, there is a trade-off from "oversearching" the environment. At a certain threshold it requires too much management attention (Ocasio, 1997) and has a negative effect on innovation performance.
In a similar vein, Katila and Ahuja (2002) focus on search depth and search scope in the search and problem-solving activities of firms from the robotics industry. Contrary to Laursen and Salter (2006) , they define search depth as the extent to which a firm reuses existing internal knowledge, while search scope indicates how widely a firm explores externally available knowledge. The latter largely corresponds with search breadth as defined by Laursen and Salter (2006) . However, Katila's and Ahuja's (2002) definition of search depth puts a stronger emphasis on exploiting the established knowledge base within the firm. Consistent with the results of Laursen and Salter (2006) , Katila and Ahuja (2002) observe an inverted U-shaped relationship between the search effort and innovation performance which again points to the negative consequences of too extensive search activities. They also present evidence that the interaction of search breadth and depth is positively related with innovation performance because it increases the uniqueness of recombinations. A deep understanding of firm-specific knowledge assets that is extended towards a new application (scope) creates unique and more valuable combinations of resources.
Hypotheses development
The conceptualization of a firm's search strategy along the dimensions of its breadth and depth implies that the targeted knowledge is largely homogeneous with regards to its source. Following Laursen and Salter (2006) , a firm focusing, for example, solely on lead customer knowledge can be considered to have an equally broad and deep search strategy as a firm concentrating its search for knowledge completely on universities. This assumption may be correct once the external knowledge has entered the firm and is already assimilated with existing knowledge stocks. However, we expect the homogeneity assumption on the knowledge of a search strategy to fail as long as the knowledge remains still unidentified outside the firm's boundaries. This "scanning" stage is crucial for the successful implementation of external knowledge sourcing (Doz et al., 2001) . Todorova and Durisin (2007) point out that the transformation of external knowledge is one of the most important steps for absorbing it. This reflects the fact that external knowledge can be assumed to be highly heterogeneous in nature. Literature has characterized the types of knowledge along several dimensions, distinguishing tacit and formal (e.g., Cowan et al., 2000; Dyer and Hatch, 2004; Polanyi, 1967) , specific and generic (see e.g., Breschi et al., 2000) , embodied and disembodied (Romer, 1990) , and whether it consists of information or know-how (Kogut and Zander, 1992) .
We argue that management will define a firm's search strategy for external knowledge based on its source. Put simply, we propose that management choice is not between breadth and depth but that it provides certain directions for its own research efforts. These directions should reflect the potential value of a knowledge source and how easily it can be accessed and transferred. The focus is thus not so much on the recipient firm's absorptive capacity but rather on the value of the knowledge source. This value assessment reflects the underlying risk of following up on it. These risks may stem from source knowledge that is technologically premature, reflects myopic perspectives or is also readily available to competitors (Frosch, 1996; Katila and Chen, 2008; Mansfield, 1986) . Hence, the risk of following up on a particular external knowledge source arises from whether it will lead to a successful invention, whether this invention generates economic returns and whether these returns can be appropriated by the firm marking the investment in the first place. The perception of these risks can be expected to influence the selection of a particular search strategy (March and Shapira, 1987) .
What is more, organizational attention within a firm is limited which favors specialization in designing search strategies (Ocasio, 1997) . Several authors question the existence of a generally available pool of external knowledge and favor instead a "relational" perspective of knowledge flows (Dyer and Hatch, 2006; Dyer and Singh, 1998; Lane and Lubatkin, 1998) . Knowledge flows should therefore not be described as broad diffusion processes but as targeted dyadic exchanges. Hence, the absorptive capacities of the knowledge recipient are not sufficient to explain successful knowledge flows. These depend on the context as well as on the motivation and capability of the source to share (Dyer et al., 2001; Szulanski, 1996 Szulanski, , 2000 . A firm's search strategy can therefore be expected to be partner or even relationship specific (Dyer and Hatch, 2006) . We suggest that the selectivity in firms search strategies stems from differences between knowledge sources in the capabilities required to acquire their knowledge and the risks it entails. We discuss these differences for knowledge sources from science, suppliers and the product market.
The product market side has received considerable attention particularly in the marketing literature as part of the "market orientation" of firms (for a review see Kohli and Jaworski, 1990) . This broader conceptualization emphasizes a shift in corporate culture towards creating superior value for customers (e.g. Slater and Narver, 2000) . Customers and competitors can be considered the primary elements of a product market driven search strategy. Both groups are necessarily too important to be neglected as their actions have an immediate impact on a firm's sales. Impulses from both groups have been found to propel innovation success. Customers significantly contribute to product innovations even with a high degree of novelty (Lukas and Ferrell, 2000) . Moreover, they are especially valuable as knowledge sources when their specific demands are anticipatory for larger market segments in the future (von Hippel, 1988; Beise-Zee, 2001 ). However, identifying these leading customers has been found to be challenging. Customer knowledge is oftentimes tacit, unarticulated and focused on the customer's own myopic needs (Frosch, 1996; Von Zedtwitz and Gassmann, 2002) . Literature has therefore cautioned managers not to focus reactively on customers' immediate needs. It is necessary to balance this narrow "consumer-led" approach with proactive measures for identifying long term, latent customer needs (Ketchen et al., 2007; Narver, 1998, 1999) . Competitor knowledge is different with regard to its accessibility. Competitors operate in a similar market and technology context (Dussauge et al., 2000) . Their knowledge is oftentimes embodied in the products or services available on the market. That makes it easier to identify relevant aspects and absorb them. However, it limits the opportunities for generating economic returns because of the reduced degree of novelty. Competitor centric search strategies have been found to result more likely in imitations or "me-too" products (Lukas and Ferrell, 2000) . Hence, designing and executing successful market-driven search strategies requires specialized competencies. These are most likely to be found in the firm's sales and marketing units because they interact continuously with demanding customers as well as challenging competitors (Asmussen et al., 2009) . Experts in the marketing and sales units can be expected to have a developed stock of knowledge which enables them to judge the potential value of a market impulse and the channels to access it.
Science-driven search strategies require a different set of specialized competencies. Universities are the primary producer of fundamentally new knowledge and technologies. The knowledge produced has often times a high degree of novelty which provides important business opportunities (e.g. Cohen et al., 2002) . What is more, academic incentive systems for knowledge publication and sharing make university knowledge largely a public good (Perkmann and Walsh, 2007) . However, university knowledge is frequently further away from commercial application and requires substantial investments in development to commercialize it (Link et al., 2006; Siegel et al., 2004) . Moreover, firms require specialized absorptive capacities to assess and transfer this type of knowledge. Assessing the full value of the often tacit and causally ambiguous knowledge may only be possible through joint research activities in which university and firm scientists develop a mutual understanding and language in practice over time (Laursen and Salter, 2006) . A science-driven search strategy should therefore be shaped by the competencies in the firm's own R&D department (Asmussen et al., 2009) . The skills as well as the personal networks of firm scientists and engineers developed through education and training (Adler and Kwon, 2002 ) are a necessary prerequisite.
Supplier-driven search strategies, though, require specialized competencies in the firm's procurement unit (Asmussen et al., 2009) . Suppliers can be important drivers of innovation success (e.g. Pavitt, 1984) . They provide new materials, equipment and machinery which can enable the generation of novel products, services or processes. Crucial parts of supplier knowledge are embodied in the products they supply. Then again, these supplies may also be available to competitors limiting the degree of uniqueness that can be derived. Extracting the full potential of these supplier-driven search strategies may require dedicated investments in developing, integrating and refining interactions with leading suppliers. These include early integration into new product development processes, sharing of information or joint research activities which enable firms to establish relation-specific advantages when dealing with suppliers. These advantages are hard to replicate by competitors (Dyer and Hatch, 2006) . On the one hand, firms may benefit from accelerated, co-evolutionary knowledge production with suppliers (van Echtelt et al., 2008) . On the other hand, Kotabe (1990) shows that an overreliance on supplier inputs can limit a firm's own capabilities of adjusting technologies in dynamic environments.
As a consequence, we expect that the effects of targeted search strategies differ with regard to the degree of novelty, i.e. radical versus incremental innovation, as well as with regard to the firm's industry, i.e. manufacturing versus services.
Radical versus incremental innovation
The innovation capabilities of a firm can be characterized as being radical or incremental (e.g., Dewar and Dutton, 1986; Subramaniam and Youndt, 2005) . In this respect, radical innovations are breakthrough or major changes of products, services or processes that may lead to obsolescence of existing designs and technologies (Chandy and Tellis, 2000) . They disrupt technological trajectories (Gatignon et al., 2004) . Contrary to radical innovations, incremental innovations focus on existing products, services or processes with the objective to refine and reinforce their ability to create value for the firm (Ettlie, 1983) or to improve and exploit existing technological trajectories (Gatignon et al., 2004) .
The differences between radical and incremental innovation receive further substantiation when they are linked to the way firms draw on their organizational knowledge base. Abernathy and Clark (1985) note that radical innovations destroy or significantly diminish the value of a firm's knowledge base while incremental innovations augment the applicability of existing knowledge. Therefore, radical innovations are typically based on new knowledge while incremental innovations tend to draw upon refined or reinforced existing knowledge (Subramaniam and Youndt, 2005) . Consequently, a lower degree of novelty of external knowledge is presumably associated with the generation of incremental innovation capabilities while a high degree of novelty should increase the opportunities to create radical innovation capabilities.
In this respect, a market-oriented search strategy has been found to be more likely associated with imitations or "me-too" products (Lukas and Ferrell, 2000) . Several authors have also warned of "consumer-led" strategies focusing too narrowly on short-term customer needs instead of anticipating demand shifts proactively (Ketchen et al., 2007; Narver, 1998, 1999) . Knowledge that may be accessed through such a search strategy could be rather familiar and does not possess a high degree of novelty. As a result, we would expect a firm's knowledge base to be refined rather than transformed (Subramaniam and Youndt, 2005) , leading to the creation of incremental innovations.
Hypothesis 1: Market-driven search strategies propel innovation success of incremental innovations.
In contrast to this, a search strategy based on knowledge from universities or public research institutes can be assumed to provide highly novel knowledge and corresponding opportunities for commercialization (e.g. Cohen et al., 2002) . Although university knowledge tends to be publicly available through journal publications resulting in difficulties for firms to appropriate the returns from collaborative activities, we believe that firms can differentiate themselves in competition by means of their absorptive capacities resulting in science-driven search strategies. Hence, university knowledge has the potential to transform the organizational knowledge base, leading to the generation of radical innovations.
Hypothesis 2: Science-driven search strategies propel innovation success of radical innovations.
Finally, a supplier-driven search strategy can be another important driver for innovation success (e.g. Pavitt, 1984) . On the one hand, firms may use suppliers to learn faster, accelerate the product development process and rely on resources created in a co-evolutionary relationship between the focal firm and its network of suppliers (Dyer and Hatch, 2004; van Echtelt et al., 2008) . On the other hand, knowledge produced by suppliers is not necessarily unique since potential competitors may equally benefit from the supplier's expertise. Moreover, Kotabe (1990) finds that firms relying heavily on supplier knowledge may lose relevant manufacturing process knowledge which may cost the firm the opportunity to improve their manufacturing technology in a rapidly changing technological environment. As a result, the effects of a supplier-driven search strategy are ambiguous and lead to two competing hypotheses.
Hypothesis 3a: Supplier-driven search strategies propel innovation success of incremental innovations.
Hypothesis 3b: Supplier-driven search strategies propel innovation success of radical innovations.
Manufacturing versus service sectors
Existing research on search strategies distinguishing between manufacturing and service sectors is scarce. Most empirical analyses are either explicitly limited to firms in manufacturing (e.g. Laursen and Salter, 2006) or rely on patent statistics to trace knowledge flows (e.g. Katila and Ahuja, 2002) . The latter approach is implicitly focused on manufacturing firms as several studies show that firms in manufacturing sectors are significantly more likely to patent than service firms (e.g. Arundel and Kabla, 1998; Harabi, 1995) . We argue that innovation processes in service sectors show important differences compared to those in manufacturing firms. These differences should be reflected in the search strategies of service firms.
Many differences between innovation in manufacturing and service sectors can be explained by the very nature of the service business (for a recent review see Paswan et al., 2009) . Services are mostly intangible, i.e. no physical object is traded (e. g. Dolfsma, 2004; Gallouj, 2002; Maleri, 1997; Sirilli and Evangelista, 1998) . Instead, services are more closely related to a process or a sequence of operations. New services can be designed, tested and introduced quickly and at comparatively low investment levels (Johne and Storey, 1998) . Hence, service businesses often generate, convert and introduce product innovations in an incremental and ad-hoc manner (Dolfsma, 2004; Johne and Storey, 1998; Scholich et al., 2006) . The high degree of intangibility makes it more difficult to obtain patent protection for newly developed services since the majority of services is not eligible for patent protection (e.g. European Patent Convention, Article 52; Dolfsma, 2004) . What is more, production and consumption of these services frequently coincide. Literature refers to this feature as "co-terminality" (Sirilli and Evangelista, 1998) . The market side is therefore closely interlinked with the production of services, and knowledge exchange should be more frequent and immediate.
These specific features of innovation in services imply that market-driven search strategies should be of dominant importance. Customers participate closely in the provision of services (e. g. Dolfsma, 2004; Gallouj, 2002; Johne and Storey, 1998) . This direct connection provides innovative firms with direct access to relevant customer impulses. Even small impulses from customers may generate a high degree of novelty for service innovation, e.g. rental car company enterprise discovered that a significant number of its customers required a rental car when their own was in repair. Hence, the service innovation to pick the customers up provided a crucial source for differentiation from competitors who were largely focusing on customers arriving at airports (Berry et al., 2006) . Besides, investment barriers in service sectors are relatively low, i.e. investments into production facilities or logistics should be rather small (Macmillan et al., 1985) . Service firms have therefore more opportunities to experiment with new ideas which allow them to integrate and test customer impulses quickly. What is more, the lower investment requirements reduce the risks of potential lock-ins. Even customer impulses which turn out to be myopic and not anticipatory for broader market segments may be served profitably. We conclude: Hypothesis 4a: Innovation success of radical innovations in service sectors depends primarily on market-driven search strategies.
However, service sectors provide more opportunities to benefit from competitor knowledge. Innovations are less likely to be protected by legal instruments like patents (Lyons et al., 2007) . While the costs for imitation of non-patented innovations can still be a barrier for competitors in general (Mansfield et al., 1981) , this threshold should be especially low in service sectors. This results in higher potentials for knowledge spillovers which may lead to challenges but also opportunities for quick imitation of new services by competitors. As a consequence, we propose: Hypothesis 4b: Innovation success of incremental innovations in service sectors depends primarily on market-driven search strategies.
While the service itself is typically intangible in nature, a tangible infrastructure is required to generate it. The role of suppliers for stimulating service innovation through novel equipment is therefore especially pronounced. Firms in supplier-dominated sectors such as personal services (e. g. laundry, repair services) depend on suppliers' innovations in equipment, information and materials (Miozzo and Soete, 2001 ) which in turn may lead to the development of new services. Barras (1986; showed how in contrast to the classic product cycle model of manufacturing innovation (Abernathy and Utterback, 1978 ) the application of modern information and communication technology in services led to improved efficiency, quality improvements and eventually to the development of new services. Therefore, knowledge and innovation impulses provided by suppliers are a valuable source for radical innovation in the service sector. We conclude:
Hypothesis 5: Innovation success of radical innovations in service sectors depends primarily on supplier-driven search strategies.
4
Empirical study
Data
The empirical part of our study is based on cross-sectional data from the third Community Innovation Survey (CIS-3), which was conducted in 2001 under the co-ordination of Eurostat. The survey covers the innovation activities of enterprises in the EU member states (including some neighboring states) during a three-year period from 1998-2000. What is exceptional about CIS-3 is that it offers representative firm data from all EU member states, which are to a great extend relevant to the questions raised in our study. The micro data of CIS-3 also give information on the two-digit industry code (NACE) of a firm. This means that it is possible to distinguish between firms in manufacturing and service sectors. As the data are anonymized, it is impossible to identify single firms or to trace the exact answers back to the respective firms. Eurostat uses an anonymization process that consists of five steps: pre-processing of the data, micro-aggregation, global recoding, evaluation of the disclosure risk, data suppression and release of the micro-data file (Eurostat, 2005) . The usefulness of anonymized data can be evaluated by comparing them with non-anonymized data. In the case of German data, such a comparison of anonymized with non-anonymized data showed a satisfactory performance which indicates that the data can consistently be used to reveal structural relationships among the survey variables (Gottschalk and Peters, 2009 ).
Although the CIS-3 survey was conducted in all EU member states, the amount of available data is limited to member states that are willing to participate in generating an anonymized database. Our dataset offers micro-aggregated data for five of the EU member states, which makes up a sample of 5,010 observations of enterprises from the following countries: Belgium (640 firms), Germany (1,482 firms), Greece (333 firms), Portugal (500 firms) and Spain (2,067 firms). Industries were identified based on the NACE 2-digit classification and grouped according to the standard industry aggregation by technology level (OECD, 2006) . Table 1 provides details on the industries represented in our analysis. A major benefit of CIS-3 lies in the provision of direct, importance-weighted measures for a comprehensive set of variables for a firm's innovation management (Criscuolo et al., 2005) . General managers, heads of R&D departments or innovation management are asked directly if and how they are able to generate innovations. Such immediate information on processes and outputs can be added to traditional measures for innovation such as patents (Kaiser, 2002; Laursen and Salter, 2006) . That seems to be especially relevant for our research question as service firms have a lower propensity to patent their innovations.
Innovation surveys like CIS rely on firm's self-reporting. This might raise quality issues regarding administration, non-response and response accuracy (for a recent discussion see Criscuolo et al., 2005) . However, the implementation of the survey is designed to limit possible negative effects. The fact that the survey is conducted via mail prevents certain shortcomings and biases of telephone interviews (for a discussion see Bertrand and Mullainathan, 2001) . Moreover, the survey is accompanied by extensive pre-testing and piloting in various countries, industries and firms with regards to interpretability, reliability and validity (Laursen and Salter, 2006) . In order to improve response accuracy, the questionnaire offers detailed definitions and examples.
Variables and method
Measuring success of radical and incremental innovations
Several authors have introduced different concepts for measuring innovation success (for an overview see Hagedoorn and Cloodt, 2003) . One possibility is to use innovation inputs (R&D expenditures) as an indicator for innovation efforts and (indirectly) innovation success. Another way is to look at the outcome of innovative efforts, such as patents, new processes, services and/or products. The latter is the perspective that we choose for our study. Furthermore, we distinguish between radical and incremental innovations by considering the degree of novelty. We refer to a product or service to be a radical innovation if it is not just new to the firm but to its overall market: In contrast, we consider a product or service to be an incremental innovation if it is only new to the firm, but with already existing alternatives on the market.
The success of an innovation largely depends on market acceptance. For this reason we define innovation success as the share of sales achieved with products/services new to the market on one hand and the share of sales achieved with products/services new to the firm on the other.
1 For ease of presentation we will subsequently limit the terminology for innovation outputs to the terms "market novelties" for products and/or services new to the market and "firm novelties" for products and/or services only new to the firm. There is not implicit or explicit distinction between innovative products and services beyond the industry classification.
Capturing search strategies
Measuring knowledge spillovers is a challenging task since they leave no paper trail. Several studies use patent statistics and subsequent citations to capture them (e.g., Galunic and Rodan, 1998; Rosenkopf and Nerkar, 2001) . However, such an approach is not always appropriate, as "not all inventions are patentable, not all inventions are patented" (Griliches, 1990 (Griliches, : p. 1669 . Moreover, the distribution of patenting firms is often heavily skewed. This is for example demonstrated by Bloom and van Reenen (2002) . In their study, 72 percent of the sample of almost 60,000 patents by UK firms, originate from just twelve companies. Patenting implies the disclosure and codification of knowledge in exchange for protection (Gallini, 2002) . The majority of valuable knowledge may therefore never be patented. Moreover, when relying on patent statistics the opportunities to identify distinct search strategies are limited, because they do not offer any information on the relationships between the two firms identified in the patents (e.g. whether they are customers or competitors). Therefore, we use survey questions to gain information about external knowledge sources. Importance-weighted answers indicate the value of their contribution. More precisely, respondents are asked to evaluate the importance of the main sources for their innovation activities on a 4-point Likert scale ranging from "not used" to "high". We use information 1 Not all of a firm's "new to the market"-products are necessarily "new to the world" but only new to the firm's specific market. about seven different sources: suppliers, customers, competitors, universities, public research institutes, professional exchanges (e.g. conferences), as well as exhibitions and fairs. In a similar setting, Laursen and Salter (2006) generate indices for the breadth and depth of a firm's search strategy based on these questions. Breadth is measured as the number of different sources used while depth is measured as the number of highly important sources. We deviate from their approach in order to identify targeted search strategies.
We argue that R&D managers develop targeted search strategies with a certain direction. This is in contrast to Laursen and Salter (2006) who assume that search strategies are defined based on their search and depth, ignoring their direction. We inspect the correlations between the several knowledge sources as shown in Table 2 and find that customers and competitors, universities and public research institutes, and professional exchanges and exhibitions/fairs are correlated with each other. This observation gives reason to the assumption that firms apply targeted search strategies. We therefore apply a principal component factor analysis in order to identify underlying factors. The data appear to be suitable (Cronbach's alpha scale reliability coefficient: 0.70; Kaiser-Meyer-Olkin measure of sampling adequacy: 0.69). We identify three factors with an eigenvalue higher than one. We conduct an orthogonal varimax rotation in order to interpret the factors with respect to their informational content. The orthogonality assumption of the factors is tested through a likelihood ratio test which confirms the independence of all factors with an error probability far below 1% (Kaiser and Rice, 1974) . Factor loadings identify three individual factors distinctively (above 0.69), as illustrated in Table 3 . The retained factors reflect our conceptualization of search strategies defined along specific search directions instead of rather broadly defined breadth and depth. The first factor is characterized by scientific contributions to innovation processes (public research institutes and universities). Therefore we will refer to this factor as "science-driven search strategy". Suppliers, professional exchanges, and exhibitions/fairs load highly positive on the second factor. Hence, we interpret this factor as "supplier-driven search strategy". In contrast, the third factor reflects a considerable contribution to innovation processes coming from the firms' market environment (customers and competitors). We interpret this factor accordingly as "market-driven search strategy". We will use the three derived factor scales as focus variables to test our hypotheses empirically. 
Control variables
We include several control variables in our empirical model to account for other factors that may influence the estimation results. Obviously, the success of a firm's innovation activities depends crucially on the level of its investments into research and development. These inhouse R&D investments have been found to form a firm's absorptive capacity for identifying, assimilating and exploiting external knowledge Levinthal, 1989b, 1990) . Hence, we include R&D intensity measured by R&D expenditures as a share of sales. Furthermore, valuable knowledge is often times the result of accumulated R&D over time which typically requires a dedicated R&D department. We include a dummy control variable on whether the company performs R&D continuously. As firm's innovation success may be affected by the availability of resources we control for a liability of size or smallness by adding the firm's sales from the start of the reporting period (1998) in logs. A firm's degree of internationalization is captured by the ratio of exports to total sales. As our observations stem from various European countries, it is necessary to control for effects of the national regulation environment as well as peculiarities of the innovation system. This is done by incorporating country dummy variables into the regression. If a firm is part of a group, it can spread certain functions among subsidiaries or draw from their resources. We therefore add a dummy variable to control for this fact. Besides, some firms may strictly invest in process innovation. The innovation success of these activities cannot be accounted for. We thus add a dummy variable for process innovators.
Estimation strategy
We estimate two separate empirical models for both dependent variables: share of sales with firm novelties and share of sales with market novelties. The coefficients of the scales of the targeted search strategies allow the test of hypotheses 1, 2 and 3. We run the same estimations on a sub-sample of service firms only to test hypotheses 4a/b and 5. Our dependent variables are shares and therefore censored between 0 and 1 with significant fraction of observations with zero values. We address this issue by estimating Tobit models. We test the consistency of these estimations subsequently through additional model specifications.
We benefit from a comprehensive dataset that does not limit the empirical findings to a particular firm size, industry or country setting. Then again, this induces additional layers of heterogeneity to the dataset which may not be completely captured by control variables. Most standard regression models require homoscedasticity for consistent estimation results. This implies the assumption that the error term of an estimation is largely independent from the exogenenous variables. Put simply, the variance of the random variable is assumed to be the same no matter whether observations stem from large or small firms, differ by industry or country. If this is not the case, estimations might suffer from heteroscedasticity 2 .
Heteroscedastic datasets may lead to an underestimation of the variance in an empirical model and subsequently to a lower threshold for the identification of significant results. Given the nature of our dataset, we consider it necessary to test for homoscedasticity. We apply Lagrange Multiplier tests on the basis of the homoscedastic models to check if firm size, industry and location of a firm cause heteroscedasticity 3 . The results of the LM-test which are shown in Table 4 reject homoscedasticity in all model specifications. Thus we include firm size, country dummies and industry dummies into heteroscedastic regressions where we consider the variance 2 i σ of observation i being of the form 2 These variables have frequently been shown to cause heteroscedasticity in this setting (see e. g. Aschhoff and Schmidt, 2006; Czarnitzki and Toole, 2007) .
. z represents the vector of variables in the heteroscedasticity term while a denotes the vector of additional coefficients to be estimated. Consequently we only present heteroscedasticity-consistent coefficients.
Besides, we inspect the dataset for issues arising from multicollinearity by calculating both pair-wise correlations and variance inflation factors. The dataset shows no particularly high degree of multicollinearity by any conventionally applied standard in the literature (Chatterjee and Hadi, 2006) . The correlation table and the variance inflation factors are presented in Appendix D.
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Results Table 5 shows interesting differences in firm's search strategies with respect to innovation success. We conduct significance tests on mean differences between firms with above average usage of a certain search strategy compared with the rest. Firms using science-driven search strategies above average exhibit a significantly higher share of sales with both market and firm novelties. In contrast to that, we do not observe a significant difference in neither radical nor incremental innovation success for firms engaging predominantly in a supplier-driven search strategy. A somewhat mixed pattern is revealed by firms using mainly a market-driven search strategy. We find a higher share of sales with firm novelties while there is no difference observable in the share of sales with firm novelties compared to firms using a market-driven search strategy below average. However, firms differ along several dimensions with regard to the choice of a search strategy. Appendix A provides descriptive statistics for the full set of variables. Again, we test for significant mean differences between firms with an above average use of a particular search strategy compared to their below average counterparts. All search strategies have in common that they are significantly more likely to be chosen by firms with higher R&D spending and continuous R&D activities. This supports the literature on the merits of firms own R&D investments for building absorptive capacities for external knowledge Levinthal, 1989b, 1990 ). Firms with above average search strategies are also significantly larger (in terms of sales) reflecting the availability of resources do develop an active search for external knowledge.
Descriptive statistics
Firms with above average science-and/or market-driven search strategies are significantly more internationalized (measured as export share of sales) and part of a company group. Process innovators are more likely to focus on science-and/or supplier-driven search strategies. With regard to differences across industries, two patterns emerge. Supplier-driven search strategies are significantly more attractive to firms in low-tech manufacturing. However, as the knowledge intensity of the industry increases, both science-and marketdriven search strategies are significantly more appealing to firms. Interestingly, this trend emerges in both manufacturing and service sectors. This provides some initial evidence that search for knowledge in services sectors may not be limited to the market side. However, these structural differences can only be separated through a multivariate analysis. Table 6 shows the results of the Tobit model estimations. As outlined before, we correct the variance in each model to account for the effects of heteroscedasticity and test the outcomes of this correction successfully. We estimate two separate models for each dependent variable. Column I and II show the estimation results for the full sample. The results in column I show that success with incremental innovations, as measured by the share of sales with firm novelties, is positively affected by market-driven search strategies. This supports hypothesis 1 which proposes a positive relationship between market-driven search strategies and incremental innovation success. We find a positive relationship between success with radical innovations, as measured by the share of sales with market novelties, both for science-and supplier-driven search strategies. Thus, we find support for hypotheses 2 and 3b which state that science-and supplier-driven search strategies propel success with radical innovations.
Regression results
We test these relationships also for the sub-sample of service firms. The results of the estimations are presented in column III and IV. In contrast to the full sample, a different picture emerges. The share of sales generated with firm novelties (column III) is significantly increased by the market-driven and science-driven search strategies while a supplier-driven search strategy does not exert a significant impact. Therefore, success with incremental innovation is fostered by focusing on scientific and market sources of external knowledge in service sectors. Considering the sales with market novelties (column IV), we find that service firms gain through all different directions of search. The coefficients of science-driven, supplier-driven and market-driven search strategies are positive and significant. As we find a robust and strong positive relationship of a market-driven search strategy on innovation success -may it be radical or incremental innovation -the results support hypotheses 4a and 4b. The significant, positive effect from supplier-driven search strategies supports hypothesis 5. Regarding our control variables, we find that performing R&D continuously has a positive impact on a firm's innovation success in both samples. The R&D intensity affects the radical innovation success positively while we find no effect for incremental innovation success. Hence, our results confirm the importance of both long-term R&D engagements and the amount of funds spent on R&D for radical innovation success while incremental innovation success is facilitated by continuous engagement in R&D activities. The remaining control variables in our regression show the expected signs. Firm size measured by the log of sales in 1998 has a negative impact on the innovation success in all model specifications reflecting the fact that the share of new products relative to sales in a small firm is typically higher than in a large firm (Rammer et al., 2009) . If firms are process innovators they have to allocate limited personnel and financial resources to both the development of new processes and new products, respectively. Therefore, the innovation success with sales will decrease which is supported by our findings of negative effects of process innovation. However, this holds only for the models of incremental innovation. Internationalization as measured by the share of exports of sales has a positive effect on radical innovation success in the full sample while there is no significant effect for incremental innovation success. This may reflect incentives to engage in radical innovation due to high competition pressure in international markets in manufacturing industries. In contrast to that, no significant effect of internationalization can be found in the service sample. This result may indicate the local boundaries of services since they are typically not exportable but have to be provided in close interaction with the client. No effect among all model specifications can be found for a firm being part of a company group.
Consistency checks
We conduct further estimations to check the consistency of our results. Both Laursen and Salter (2006) and Katila and Ahuja (2002) identify inverse U-shaped relationships between the breadth and depth of a firm's search strategy and innovation success. We test for nonlinear relationships of our targeted search strategies by including their squared values in the estimation equation (see Appendix C). The comparison appears to be especially relevant as Laursen and Salter (2006) rely on the same variables for capturing a firm's search strategy. Our results indicate that the finding of an inverse U-shape is limited to the science-driven search strategy and its relationship to the share of sales generated with firm novelties within the subsample of service firms. We suspect that the positive linear effect in Laursen and Salter (2006) stems from combinations of external knowledge sources within the same targeted search strategy, e.g. firms which combine customer and competitor knowledge but do not access external knowledge beyond that. This would explain why the effect of adding an additional knowledge source requiring different competencies (e.g. university knowledge) lowers the effectiveness of the overall search strategy. Hence, an inverse U-shaped relationship would emerge. We add interaction terms between our targeted search strategy scales to explore this issue further. However, no significant effects can be found when including the interaction terms. 
Discussion
We conduct this study to provide a more nuanced perspective on the nature of firm's search strategies for external knowledge and what effects innovation managers can expect from applying them. We argue conceptually that search strategies are not homogeneous with regard to the sources they encompass. In that sense, conceptualizations describing search strategies along the dimensions of breadth and depth (Katila and Ahuja, 2002; Laursen and Salter, 2006) may underestimate the degree of heterogeneity among different knowledge sources. What is more, we integrate two additional elements into the stream of research on open innovation and search strategies. First, we focus on varying degrees of novelty in firm's open innovation performance. Some knowledge sources can be expected to provide knowledge with a higher degree of novelty providing more opportunities for radical innovation than others. Second, the nature of innovation activities in service sectors differs significantly from manufacturing sectors. Hence, the particularities of services firms can be expected to be reflected in the success of their search strategies. We test our hypotheses empirically for a comprehensive sample of more than 5,000 firms from five different countries in Europe and find support for most of them. Therefore, conclusions can be drawn with implications for both academic and management audiences.
From a research perspective, we introduce the notion of selectivity in firm's search strategies. While the research on diversity (breadth) versus focus (depth) in a firm's search strategy has enriched our understanding of the value of both elements of a search strategy, it does not provide much guidance on which knowledge sources to combine in a broad strategy and which ones to emphasize for depth. We find strong support for our theoretical argument that management should choose a certain direction for a firm's search strategy. Sciencedriven, supplier-driven and market-driven search strategies differ significantly in the kind of knowledge they can provide and the way they can be accessed by the firm. They can therefore not be assumed to be substitutive. This is reflected in the value which they can provide in different sectors and with respect to different degrees of novelty. Several studies highlight the increasing importance of service sectors for most modern economies (e.g. Sirilli and Evangelista, 1998) . However, empirical tests of open innovation search strategies have primarily focused on manufacturing sectors (Katila and Ahuja, 2002; Laursen and Salter, 2006; Rosenkopf and Nerkar, 2001) . We find that market-driven search strategies are even more important for service firms compared to manufacturing firms. This can be traced back to the literature on co-terminality of production and consumption in service firms. Market-driven search strategies provide unique knowledge leading to radical innovations in service sectors. This mechanism cannot be supported in manufacturing firms. A too narrow focus on the role of competitors and customers in service sectors may underestimate the equally important role of knowledge from science and suppliers for the successful development of market novelties. Science-and supplier-driven search strategies also propel manufacturing firms' innovation success with radically new products. Market driven search strategies include the danger of over-emphasizing short-term customer needs and imitations of already existing products. Hence, our findings extend existing literature (e.g. Slater and Narver, 1998) and provide pathways for expanding it further. A primary strategy of avoiding "customer-led" traps of incremental innovation may rest in extending a firm's knowledge pool with search strategies directed at leading universities and specialized suppliers.
From a management perspective several implications can be derived. First, a search strategy focusing narrowly on customers and competitors cannot be expected to provide radically new innovations outside the service sector. Then again, market-driven search strategies provide incremental innovations which may still be profitable without entailing the increased risk of the radical ones. Second, innovation managers of service firms have strong incentives to broaden their portfolio of promising sources of knowledge outside of the firm. These can be found at universities and from suppliers alike. From the management perspective this may require increased resource commitments at procurement and R&D units to generate the necessary channels for assessing and transferring their particular knowledge. Third, we find strong evidence that firms benefit strongly from their own investments in knowledge production through in-house R&D, especially when engaging continuously and benefiting from accumulated knowledge. Hence, open innovation search strategies appear to be complementary with in-house knowledge production instead of substitutive in nature.
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Concluding remarks and further research
Our research benefits from a comprehensive cross-country dataset which allows us to draw conclusions beyond a certain industry or country context. However, we see room for improvement which may provide pathways for future research. The effects of investments in R&D and open innovation networks may reach their full potential over the long run. Hence, longitudinal studies may help to test and substantiate some of our cross-sectional findings. Besides, qualitative studies may provide further in-depth insights into the mechanisms underlying the different search strategies. This may be especially relevant with regard to how legitimacy and trust can be established and how these mechanisms differ across varying knowledge sources. Finally, manufacturing firms increasingly extend their business activities to services. Investigating the changes in their search strategies underlying these shifts in business models may be a fruitful direction for further research. 
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